Transfer of lipid to the lymph by the intestine was studied in rats fed on choline-deficient or choline-supplemented diet for 2 weeks. In choline-deficient rats, lymph output was reduced. Choline deficiency impaired the incorporation of glycerol tri[1-14C]oleate into triglyceride in the lymph. The triglyceride level in lymph lipoproteins was lower in choline-deficient rats than in controls. Ultrastructural studies suggested that impaired release of lipoproteins was responsible for accumulation of fat in intestinal absorptive cells. These defects are probably related to changes in the membrane system of the intestine and to a failure in lipid droplet movement within absorptive cells, resulting from alterations in the microfilaments. Oral administration of phosphatidylcholine to rats on choline-deficient diet rapidly improved the decreased lymph output and the impaired incorporation of glycerol tri[l-14C]oleate into triglyceride and reduced fat deposition in intestinal epithelial cells. In conclusion, phos pholipids such as choline are confirmed as being extremely important in the absorption of fat by the possible mechanism of fat transport across the membrane.
lymph were classified into four types (Table 2) : chylomicrons, very low density lipoprotein (VLDL), low density lipoprotein (LDL) and high density lipoprotein (HDL). In choline-deficient rats, the percentage of chylomicrons was significantly lower and the percentage of LDL significantly higher than in rats on choline supplemented diet. As shown in Table 3 , triglyceride was a major component of intestinal lymph. In choline-deficient rats there was a significant decrease in triglyceride (p<0.05) and slight decreases in phospholipid and cholesterol in lymph lipoprotein. The reduced content of triglyceride seemed to reflect a decrease in the amount of chylomicrons in the lymph of choline-deficient rats. After infusion of labeled triolein into the stomach, the amount of radioactive triglyceride was measured in the lymph collected at intervals over 2hr. In rats given phosphatidylcholine, more radioactive triolein was incorporated into triglyceride of lymph than in rats infused with corn oil only. This effect was greater in choline deficient rats than in controls (Table 4 control rats was found to contain a few small lipid droplets in the supranuclear area and along the lateral plasma membranes (Fig. 2) . The intercellular space adjacent to the region of the Golgi complex and to the base of the absorptive cells contained lipid droplets of similar size to those seen in the Golgi complex (Fig. 3) . These droplets were also found in the lacteals and seemed to be chylomicrons. Much rough endoplasmic reticulum and many mitochondria appeared in the cytoplasm. In choline-deficient rats (Fig. 4) , much lipid accumulated in the cytoplasm of intestinal absorptive cells. The larger droplets probably resulted from fusion of several smaller droplets of lipid and sometimes displayed large irregular figures in the cytoplasm. These figures frequently occurred near the Golgi complex, which had many vacuoles containing lipid droplets. Golgi vacuoles were greatly dilated and contained lipid, but Golgi saccules were rare. There was much less rough en doplasmic reticulum than in control rats. Chylomicrons were seen in intercellular spaces and lacteals of choline-deficient rats after fat administration. No lipid was present in the intercellular spaces above the level of the Golgi complex.
Three hours after administration of fat with phosphatidylcholine, small round lipid droplets were prominent throughout the cytoplasm of absorptive cells (Fig. 5) . Golgi vacuoles usually contained several discrete droplets similar in size to those in the apical cytoplasm: only rarely did a single large lipid droplet fill the entire vacuole.
DISCUSSION
In this work we compared morphological findings on intestinal cells with biochemical data on lipid in intestinal lymph during fat absorption in rats given choline-deficient and choline-supplemented diets. Many investigators (11-15) have indicated that lipid particles within the smooth endoplasmic reticulum are synthe sized from triglyceride and phospholipid, cholesterol and protein molecules. Indeed, in ultracytochemical studies, Higgins and Barnett (16) demonstrated that monogly ceride acyltransferase is localized mainly on the inner surface of the smooth endoplasmic reticulum. It has been suggested that after their synthesis, phospho lipids diffuse to the contiguous smooth endoplasmic reticulum where they are used to form new reesterified triglyceride. Phospholipids are also used for the production of new membranes in the cells. As observed morphologically, the final stage in intracellular fat transport is fusion of smooth endoplasmic reticulum vesicles with the lateral cell membrane and concomitant release of completed chylomicrons into the intercellular space (11, 14) . At this stage, lipid droplets must pass through the Golgi complex before they are released. Redgrave (17) reported that the membrane component of the prechylomicron fraction contains phospholipase and triglyceride lipase, which might act on Golgi and plasma membrane phospholipid to cause fusion of the two membranes and subsequent release of the lipid contained in the Golgi vacuoles. This implies a constant loss of Golgi membranes as chylomicrons are produced and released from absorptive cells, and suggests that maintenance of Y. TAKAHASHI, T. MIZUNUMA, and Y. KISHINO the Golgi complex requires replacement of its membrane components during fat absorption (18). Electron micrographs of material from choline-deficient rats showed dilatation of vesicles of the smooth endoplasmic reticulum and vacuoles of the Golgi complex, but no defect in these membranes. The rate of lymph flow and the triglyceride content of the lymph diminished during fat infusion. However, the phospholipid content of the lymph only decreased slightly. This may be a direct result of the decreased availability of phospholipid. On the other hand, as previously reported (19), retardation of intestinal lipid secretion in choline de fi ciency also results directly or indirectly from impairment of microfilament function in absorptive cells. Phospholipid composed of choline is important for myosin ATPase activity in the intestinal absorptive cells during fat absorption, linked to the contraction mechanism of microfilaments. In the present work, administration of phosphatidylcholine to choline-deficient rats improved the lym phatic output from the intestine and accelerated the movement of lipoproteins from the epithelial cells, across intercellular spaces and through the lacteals. After phosphatidylcholine administration there was also a significant increase in in corporation of glycerol tri[l-14C]oleate into triglyceride in the intestinal lymph. We conclude from this work that choline deficiency delays secretion of lipid into the lymph by promoting its accumulation in the absorptive cells. After phosphatidylcholine administration, the outputs of total lipid and triglyceride-rich lipoproteins increased.
